Mutational analysis of carbamyl phosphate synthetase. Substitution of Glu841 leads to loss of functional coupling between the two catalytic domains of the synthetase subunit.
The synthetase subunit of Escherichia coli carbamyl phosphate synthetase has two catalytic nucleotide-binding domains, one involved in the activation of HCO3- and the second in phosphorylation of carbamate. Here we show that a Glu841----Lys841 substitution in a putative ATP-binding domain located in the carboxyl half of the synthetase abolishes overall synthesis of carbamyl phosphate with either glutamine or NH3 as the nitrogen source. Measurements of partial activities indicate that while HCO3(-)-dependent ATP hydrolysis at saturating concentrations of substrate proceeds at higher than normal rates, ATP synthesis from ADP and carbamyl phosphate is nearly completely suppressed by the mutation. These results indicate Glu841 to be an essential residue for the phosphorylation of carbamate in the terminal step of the catalytic mechanism. The Lys841 substitution also affects the kinetic properties of the HCO3- activation site. Both kcat and Km for ATP increase 10-fold, while Km for HCO3- is increased 100-fold. Significantly, NH3 decreases rather than stimulates Pi release from ATP in the HCO3(-)-dependent ATPase reaction. The increase in kcat of the HCO3(-)-dependent ATPase reaction, and an impaired ability of the Lys841 enzyme to catalyze the reaction of NH3 with carboxy phosphate, strongly argues for interactions between the two catalytic ATP sites that couple the formation of enzyme-bound carbamate with its phosphorylation.